Psychiatric comorbidities are common in individuals with attention-deficit/hyperactivity disorder (ADHD). In this study, we sought to evaluate the effects of medication and childhood ADHD subtypes on psychiatric comorbidities among adults with ADHD as compared to healthy adult controls. We assessed 121 drug-naïve adults with ADHD, 93 treated adults with ADHD, and 145 healthy controls (age 18-36 years) using semi-structured psychiatric interviews, intelligence tests, and medical records. Drug-naïve adults with ADHD had more comorbidities than treated adults with ADHD and controls. Childhood ADHD-combined subtype, relative to ADHD-inattentive subtype, was associated with higher risks of comorbidities. Current medication treatment was associate with a higher risk for anxiety disorders, and longer treatment duration was associated with lower risks of mood disorders and sleep disorders. Our results indicate that no medication treatment, short treatment duration, and childhood ADHD-combined subtype are associated with increased risks for psychiatric comorbidities among adults with ADHD.
Introduction
Symptoms of childhood attention-deficit/hyperactivity disorder (ADHD) often persist into adulthood among adults with this disorder [1] . The prevalence rate of adult ADHD is estimated at 2.5% based on a meta-analysis [2] . Although a few studies have reported psychiatric comorbidities in adults with ADHD [3, 4] , much less is known about differential comorbid patterns in adults with ADHD who have received treatment vs. those who have not [5] . Similarly, data are very limited regarding psychiatric comorbidities in adults with different childhood ADHD subtypes [6, 7] .
The existing literature has shown that adults with ADHD, relative to controls, are more likely to have psychiatric disorders [7, 8] . However, to date, only few studies have examined a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 ADHD were recruited from three sources: (1) a cohort of patients with ADHD assessed during their childhood [20] ; (2) patients referred by psychiatrists from out-patient clinics or by family physicians in the National Taiwan University Hospital (NTUH), Taipei, Taiwan, and (3) new patients recruited via advertisements in the community. Our sample was part of a longitudinal follow-up study on ADHD from adolescence to young adulthood which was conducted from January 2011 to December 2015 [20] . The psychiatric interview was conducted from July 2011 to July 2015. To be consistent in the diagnostic criteria used in the diagnosis of ADHD and other psychiatric disorders, we used DSM-IV during the initial assessment (when DSM- 5 was not yet available) and the follow-up assessment.
The new patients were screened using the Chinese version of the 6-item Adult ADHD SelfReport Scale-V1.1 [59, 60] , followed by a telephone interview by a senior researcher with 10 years of experience in conducting clinical evaluations and psychiatric interviews with patients with ADHD and/or other psychiatric disorders. Potential cases with ADHD were invited for detailed clinical evaluations by the authors (SSG and LKY), followed by the 18-item Conners Adult ADHD Diagnostic Interview [61] by the corresponding author (SSG) for assessing childhood and current diagnosis of ADHD. All the participants were further interviewed by trained research psychologists using the modified adult ADHD supplement [62] of the Chinese version of the Schedule for Affective Disorder and Schizophrenia-Epidemiological Version (K-SADS-E) [63, 64] and SADS [13, 14] for assessing childhood and current diagnosis of ADHD and other psychiatric disorders, respectively. The psychometric property of the Chinese version of the K-SADS-E for DSM-IV was described in details in our previous work [63, 64] and summarized below.
Detailed information about the medication history for treating ADHD (including ever use, current use, duration of use, and daily dosage) and age onset of ADHD were included in the modified adult ADHD supplement of the Chinese K-SADS-E. Both ADHD participants and their parents received psychiatric interviews for the treatment history of medications mentioned above. The treatment data were validated by medical records in the NTUH if available; otherwise, they were validated by Taiwan's National Health Insurance Claims data, which covers 99.9% of the population in Taiwan. Current use was defined as the presence of medication use for treating ADHD (methylphenidate or atomoxetine) in the past month regardless of the usage history prior to that. Ever use was defined as no medication use for treating ADHD in the past month but the use of these medications prior to the past month. Duration of use was defined as the total number of days on medications.
Adult healthy controls were recruited by advertisements on the internet, newspapers, and flyers at the colleges and public places based on the age and gender distributions of the ADHD group. They were screened by telephone interviews to rule out past or current ADHD symptoms, followed by clinical assessments and psychiatric diagnostic interviews using the Conners Adult ADHD Diagnostic Interview and the adult ADHD supplement of the Chinese K-SADS-E to ensure that they did not have lifetime or current diagnosis of ADHD. They also received the Chinese SADS for assessing other non-ADHD diagnoses.
All participants who had an IQ < 80 ascertained by the Wechsler Adult Intelligence ScaleRevised, had any serious medical illness such as cardiovascular disease, a history of learning disability, psychosis, pervasive development disorder or intellectual disability were excluded from the study.
Procedure
The Research Ethics Committee of National Taiwan University Hospital (approval number, 2010003087R; ClinicalTrials.gov number, NCT01247610) approved this study before its implementation. After detailed explanations of the study, participants who provided written informed consent were recruited into the study. The final sample included 93 adults with ADHD who had been diagnosed with ADHD during childhood and treated for ADHD (treated ADHD), 121 adults with ADHD who have not been treated for ADHD (drug-naïve ADHD), and 145 adult controls without ADHD.
Measures
The Chinese version of the K-SADS-E. The Chinese K-SADS-E for DSM-IV demonstrated good reliability and validity and had been widely used in a variety of clinical [65] [66] [67] [68] and epidemiological [63, 69] studies in Taiwan. The corresponding author modified the ADHD, ODD and CD supplement of the Chinese K-SADS-E for the diagnoses of childhood ADHD, ODD and CD, and current ADHD diagnosis in adults [62, 70, 71] . Its original version, SADS [72, 73] , in Chinese has been widely used in psychiatric research for assessing other DSM-IV non-ADHD psychiatric disorders [7, 13, 71] .
The Chinese version of the Adult ADHD Self-Report Scale (ASRS). The ASRS, an 18-item self-reported scale, was developed in conjunction with the revision of the World Health Organization (WHO) Composite International Diagnostic Interview (CIDI). The ASRS consists of two subscales, inattention (9 items) and hyperactivity-impulsivity (9 items), according to the 18 DSM-IV ADHD symptoms criteria. Each item asks how often a symptom occurred during the past six months on a 5-point Likert scale: 0, never; 1, rarely; 2, sometimes; 3, often; 4, very often. The psychometric property of the Chinese ASRS has been established in a sample of 1031 young males from an army base and 3298 young adults from two colleges in northern Taiwan [60] . It is widely used to measure ADHD symptoms in Taiwanese adults [56, 71, 74] .
Statistical analysis
Data were analyzed using SAS 9.1 (SAS Institute Inc., Cary, NC, USA). To examine sample characteristics among groups including age, gender, IQ, childhood and adulthood ADHD symptoms, and SES, we conducted chi-square tests (for categorical outcomes) and analyses of variance (ANOVA; for continuous outcomes). We first compared sample characteristics between 214 adults with ADHD (drug-naïve and treated) and 145 healthy controls, and then compared across 3 groups: (1) drug-naïve ADHD (n = 93); (2) treated ADHD (n = 121); and (3) healthy controls (n = 145) ( Table 1) . When significant group differences were found, posthoc pairwise comparisons were conducted with corrections by the Scheffe test (Table 1) . Descriptive results were displayed as frequencies, percentages, means and standard deviations.
To examine the association between comorbidities and treatment status we compared the three groups (drug-naïve ADHD vs. treated ADHD vs. controls) on comorbid disorders (Table 2 ). To further determine the effect of treatment duration on comorbidities, we compared the four groups: (1) drug-naïve ADHD; (2) treated ADHD ≦ one year (n = 36); (3) treated ADHD > one year (n = 57); (4) healthy controls (Table 3) . We also compared comorbidities among childhood ADHD subtypes: (1) ADHD combined type (ADHD-C, n = 126); (2) ADHD inattentive type (ADHD-I, n = 86); (3) healthy controls (Table 4) . Additionally, we conducted multivariate logistic regressions to identify significant predictors (e.g., sex, age onset of ADHD, medication history, ADHD subtypes, IQ for comorbid psychiatric diagnoses (see Table 5 ). Odds ratios (OR) and 95% confidence intervals (CI) were computed. To address the issue with multiple comparisons among subgroups, we adjusted alpha levels by using the Bonferroni correction method. We divided the alpha level (original alpha less than 0.05 level as significant) by the number of comparisons, i.e., 0.05/n, where n is the number of subgroup comparison. Despite the calculation and presentation of 95% CI in Tables 2, 3 and 4, we only interpreted the results that survived statistical significance with adjusted alpha levels after Bonferroni correction. For Table 2 and Table 4 , the alpha level for significance is 0.05/ 3 = 0.017; for Table 3 , the alpha level for significance is 0.05/6 = 0.008. Table 1 presents results of the comparisons between the ADHD and controls, as well as among the three groups. The three-group comparison revealed that drug-naïve ADHD and controls had higher Full-scale IQ, Performance IQ, Verbal IQ (control only) and years of education than treated ADHD. Males were more predominant in treated ADHD than in drug-naïve ADHD and controls. Drug-naïve ADHD had more severe inattentive and hyperactive-impulsive (adulthood only) symptoms during childhood and adulthood than treated ADHD. Because of the between-group differences in age, sex, educational years, and Full-scale IQ, we controlled for these variables in our subsequent analyses. Table 2 displays current psychiatric comorbid conditions for drug-naïve ADHD, treated ADHD, and controls. Drug-naïve ADHD and treated ADHD were more likely than controls to have psychiatric disorders including ODD, CD, tic disorder, anxiety disorders (including GAD, specific phobia, social phobia), mood disorders such as dysthymic disorder, substance use disorders (e.g., nicotine use disorder), sleep disorders, and eating disorders. Also, drugnaïve ADHD had a higher likelihood of having MDD, alcohol use disorder, and adjustment disorder than controls. Panic disorder was more prevalent in treated ADHD than controls. Drug-naïve ADHD, compared to treated ADHD, were more likely to have GAD, mood disorders, adjustment disorder, and sleep disorders. Table 3 displays comorbid psychiatric conditions among drug-naïve ADHD, treated ADHD with medication for one year and less (ADHD-TS), treated ADHD with medication longer than one year (ADHD-TL), and controls. Among ADHD groups specifically, drug-naïve ADHD had a higher likelihood of having adjustment disorders than ADHD-TS. Drug-naïve ADHD was more likely than ADHD-TL to have psychiatric disorders including GAD, mood disorders, and adjustment disorders. There were no between-group differences in OCD or bipolar disorders across the ADHD groups and controls.
Results

Sample characteristics
Psychiatric comorbid conditions by treatment status
Comorbid psychiatric conditions by treatment duration
Psychiatric comorbid conditions across different childhood ADHD subtypes
Participants with childhood ADHD-C were more likely to have tic disorder, panic disorder, and alcohol use disorder than those with childhood ADHD-I and controls. Moreover, participants with childhood ADHD-C were more likely to have eating disorder than controls and more likely to have ODD, CD, and sleep disorders than childhood ADHD-I (Table 4) . The psychiatric comorbid patterns across different ADHD subtypes at the current assessment (adult ADHD subtypes) are presented in S1 Table. In general, both ADHD subtypes were more likely to have all psychiatric comorbid conditions assessed herein than controls except bipolar disorder. Adults with ADHD-C adults were more likely to have lifetime ODD, CD, and sleep disorders than adults with ADHD-I.
Associated factors of comorbid psychiatric disorders
Multivariate analyses revealed that childhood ADHD-C was associated with a higher risk of ODD, CD, and sleep disorders. Current use of medication was associated with an higher risk of anxiety disorders. Longer duration of medication use was associated with lower risks of mood disorders and sleep disorders (Table 5) . Univariate analyses demonstrated similar results (S2 Table) .
Discussion
The current study is one of the few studies that examined comprehensively the psychiatric comorbid patterns in adults with ADHD with regards to the effects of treatment history and duration, as well as childhood ADHD subtypes. We found that adults with ADHD, in general, had significantly more comorbid psychiatric conditions than controls. Drug-naïve adults with ADHD, relative to treated ADHD and controls, had more core ADHD symptoms during childhood and adulthood (except for childhood hyperactivity/impulsivity) and more psychiatric comorbidities, particularly GAD, mood disorders, adjustment disorders, and sleep disorders. Childhood ADHD-C subtype, relative to ADHD-I, was associated with higher risks of ODD, CD, OCD, alcohol use disorder, and sleep disorders. Importantly, we found that childhood ADHD-C was a strong correlate of several common comorbid conditions including ODD, CD, and sleep disorders. Current use of medication and a shorter duration of medication use were associated with anxiety and mood disorders, respectively. Similar to our adolescent ADHD study [20] and previous adult ADHD studies [7] , we found that adults with ADHD were more likely to have comorbid psychiatric conditions. High rates of comorbid conditions were present in both drug-naïve ADHD or treated ADHD, regardless of ADHD subtypes and comorbid conditions such as ODD [4, 10] , CD [4, 75] , tic disorder [4] , anxiety disorders [4, 9] , GAD [3, 4, 9] , specific phobia [4, 9] , social phobia [4, 8, 9] , mood disorders [4, 8, 9] , dysthymic disorder [9, 51] , substance use disorders [3, 8, 9, 55, 75] , nicotine use disorder [75] , sleep disorders [56] , and eating disorders [4, 55] . Moreover, our findings of only drug-naïve adult ADHD but not treated adult ADHD having increased risks for MDD and alcohol use disorder provide evidence to support that treatment with medication may offset the occurrence of MDD [3, 4, 8, 9, 11, 55] and alcohol use disorder [8, 51] .
No studies have examined the association between treatment effects and panic disorder or specific phobia in adults with ADHD. Our result contributes to the literature by showing that panic disorder was more prevalent in treated ADHD adults than controls. Whether this finding is due to treatment-induced panic-like side effects requires further clarification from future research. Another novel finding is that specific phobia was more prevalent in drug-naïve ADHD and ADHD-TS than controls, suggesting that long-term treatment (> one year), relative to no treatment or short-term treatment (� one year), was associated with a decreased risk of specific phobia in adults with ADHD. A prospective follow-up study of these patients is warranted to test the causal effect i.e., whether longer treatment duration indeed decreases the risk of specific phobia.
Previous studies reported that patients with ADHD treated for at least one year did not differ from drug-naïve ADHD in the risk of MDD [33] and that adults with ADHD treated for more than two years had better functioning (self-reported improvement) than those treated for less than two years [76] . These results suggest that pharmacotherapy for ADHD may be most beneficial in reducing comorbidities if it is longer than one year [33], even two years [76] . In the current study, we did not find any differences in comorbidities between those with ADHD who received treatment for longer than one year vs. shorter than one year. However, we found that adults with drug-naïve ADHD were more likely to have sleep disorders than treated ADHD and longer treatment reduced the risk for sleep disorders. This is supported by some studies suggesting that treatment reduces the risk of sleep disorders in ADHD [19, 77] . This finding might be explained by the improvement in life quality with medication treatment, which subsequently reduces the risk of sleep disorders, as evidenced in our prior clinical trial [13] . Our finding that current use of medication increases the risk of anxiety disorder is contradictory to the studies showing that treatment decreased [22, 23, 78] or did not increase the risk of anxiety symptoms [28] . Possible explanations are that medication may cause anxiety symptoms to be diagnosed as anxiety disorders [13] ; or that the insufficient response to medication among patients with ADHD comorbid with anxiety may contribute to increased likelihood of current use of medications [79] . These possibilities should be examined in future research with a larger sample of ADHD with or without current medication. Additionally, it is imperative to assess anxiety symptoms and disorders among adults with ADHD who are currently taking medication for treating ADHD. Moreover, the association between shorter duration of treatment and an increased risk of mood disorders is in line with previous research reporting that no treatment or shorter treatment duration increased the risk of substance use [17] , which then predicted later risks of mood disorders [11] .
Our findings strongly support more instances of psychiatric disorders in adults with ADHD-C than adults with ADHD-I [6, 54] . Specifically, consistent with previous studies, we found that ODD [36, 38, 51, 80] , CD [6, 36-39, 52, 53] , alcohol use disorder [45] , and sleep disorders [17, 47, 48] were more prevalent in adults with childhood ADHD-C than adults with childhood ADHD-I. Our previous research in adolescents has provided strong evidence of high comorbidities of ODD and CD in ADHD-C [20] . Hence, psychiatric comorbid patterns also contribute to the differential diagnosis of these two distinct ADHD subtypes. These findings suggest that more clinical and research attention should be devoted to young adults with childhood ADHD-C, as they are more likely to have disruptive behaviors and disorders, which are highly associated with antisocial behaviors [6, 51] , substance use disorders [69] , and criminality [51, 81] .
Strengths and limitations
This study is the first one to examine a wide range of psychiatric comorbidities by using (semi-)structured diagnostic interviews rather than self-reported questionnaires among adults with ADHD and to investigate comprehensively the effects of treatment and treatment duration, as well as childhood ADHD subtypes, on the psychiatric comorbid patterns. Despite this, several limitations merit comments. First, the directionality and causality of the significant findings remain to be determined. Second, although our longitudinal pilot study showed a high correlation between adolescent/mother reports and adult self-reports about the participants' ADHD symptoms [71] , recall bias may still exist. Third, as for treatment effects, this study is not a randomized controlled trial, and treatment in observational studies is usually confounded by indications. Although adults with severe symptoms and impairments are more likely to be treated with medication, which may draw the comparison to the null, we still find some significant results. Lastly, this study may suffer from selection bias during sample ascertainment because we did not recruit the sample from a representative epidemiological sample. Instead, ADHD adults were recruited from the hospitals through physicians' referrals and the community through advertisement.
Conclusion
Our findings suggest that ADHD often persists into adulthood and is still associated with high psychiatric comorbidity. Treatment with ADHD medications may reduce comorbidity. Moreover, childhood ADHD-C is associated with a greater risk of adult comorbidities than ADHD-I and is one of the significant correlates of adult comorbid conditions. The findings suggest that for adult ADHD, medication treatment should be considered as one of the necessary treatment modalities to prevent the development of psychiatric comorbid conditions. For children with ADHD-C, medication treatment may likewise be helpful to minimize the risks of adverse psychiatric outcomes in adulthood, decreasing social impairment and improving life quality [71] . 
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